ganization Region of the Americas report, alcohol is identified as the single leading cause of the preventable loss of disability adjusted life years. 1 Globally, hazardous and harmful alcohol use has been found to be the leading contributing cause of death among young adults, involving especially, deaths from road trauma, homicide, and suicide. 3 Successive comprehensive and systematic reviews of published research conclude that governments have a number of proven strategies to reduce the burden of illness from alcohol. 4, 5 The evidence is strongest for universal policies that control price 6, 7 and physical availability. 8, 9 In many instances, however, policies with the least evidence of effectiveness (e.g., public awareness campaigns, alcohol education in schools) attract the greatest public support whereas the most effective policy-raising the price of alcohol-is consistently less popular. 10 A recent
Canadian study found that provinces with higher levels of per capita alcohol consumption were more likely to oppose effective public health measures. 11 We previously identified specific alcohol pricing policies that may have higher levels of public acceptability and political viability without compromising effectiveness: (1) setting prices and taxes that reflect the ethanol content of beverages, thereby encouraging consumption of lower alcohol content varieties; (2) setting minimum prices to eliminate availability of cheap alcohol often favored by young adults and other high-risk drinkers; (3) creating earmarked taxes applied to a standard drink of any alcoholic beverage to raise funds for alcohol prevention and treatment programs (e.g., "a nickel a drink" tax); and (4) indexing all price and tax rates to the cost of living. 12, 13 Elements of these policies have been endorsed under Canada's National Alcohol Strategy 14 and formally advocated by the Public Health Officer of British Columbia, 15 and the Scottish government recently passed legislation to introduce a fixed minimum price per "unit" of ethanol. 16 Some US states have previously set mandatory minimum liquor prices (e.g., Washington), but the great majority sell alcohol at substantially lower prices than in Canada. 17 We have seen examples of spirits and fortified wine for sale in California liquor stores sold at approximately Can $0.25 per Canadian standard drink, less than half the price of the cheapest alcohol available in Canada. 18 We evaluated the impacts on alcohol consumption and government revenue of 2 of the aforementioned policies (1 and 2) as recently implemented in a Canadian province. On April 1, 2010, the Saskatchewan Liquor and Gaming Authority (SLGA) introduced a comprehensive set of new and increased minimum prices on alcohol. The SLGA has a monopoly on alcohol distribution and a partial monopoly on the sale of alcohol in liquor stores. Their minimum prices apply directly to liquor store retail prices and also to the prices at which the SLGA sells liquor to bar and restaurant owners; hence, they also indirectly affect on-premise retail prices, but likely to a smaller degree. Minimum prices were first introduced for spirits other than brandy and cognac in 2003, beer in 2005, wine in 2008, and higher strength coolers, brandy, and cocktails on April 1, 2010. Effective minimum prices calculated in Canadian dollars per standard Canadian drink (17.05 mL ethanol) are summarized in Table 1 . As shown in the supplementary online Objectives. We report impacts on alcohol consumption following new and increased minimum alcohol prices in Saskatchewan, Canada.
Methods. We conducted autoregressive integrated moving average time series analyses of alcohol sales and price data from the Saskatchewan government alcohol monopoly for 26 periods before and 26 periods after the intervention.
Results. A 10% increase in minimum prices significantly reduced consumption of beer by 10.06%, spirits by 5.87%, wine by 4.58%, and all beverages combined by 8.43%. Consumption of coolers decreased significantly by 13.2%, cocktails by 21.3%, and liqueurs by 5.3%. There were larger effects for purely off-premise sales (e.g., liquor stores) than for primarily on-premise sales (e.g., bars, restaurants). Consumption of higher strength beer and wine declined the most. A 10% increase in minimum price was associated with a 22.0% decrease in consumption of higher strength beer (> 6.5% alcohol/volume) versus 8.17% for lower strength beers. The neighboring province of Alberta showed no change in per capita alcohol consumption before and after the intervention.
Conclusions. Minimum pricing is a promising strategy for reducing the public health burden associated with hazardous alcohol consumption. Pricing to reflect percentage alcohol content of drinks can shift consumption toward lower alcohol content beverage types. (Am J Public Health. Published online ahead of print October 18, 2012: e1-e8. doi:10.2105/AJPH.2012.301094) material (Appendix A, available as a supplement to this article at http://www.ajph.org), the minimum price increase in 2010 impacted just 216 (8.5%) of the 2542 alcoholic products then sold by the SLGA, ranging from 0% of liqueurs to 17.0% of premixed cocktails.
The outcome of the new policy was a set of minimum prices for alcohol that, depending on beverage type and strength, ranged between $1.16 and $1.84 per standard drink and that are now among the highest of all Canadian provinces. 19 Although minimum prices per standard drink were still lower for the low alcohol content beverage types after April 1, 2010 (Figure 1 ), the new pricing structure shifted Saskatchewan's alcohol pricing regime significantly toward the public health ideal represented by Scotland's forthcoming fixed minimum price for a unit of ethanol. 15 In most Canadian provinces, some Nordic countries, and some US states, governments are the leading retailers of alcohol, and so minimum prices can potentially serve fiscal as well as public health goals. In countries such as the United Kingdom and in most of the United States, where alcohol retailing is managed by private businesses, most increased profits from minimum pricing will flow to private retailers. In all jurisdictions, however, raising the minimum price of alcohol also creates the opportunity for additional government revenue whether through sales taxes or simultaneous adjustments to excise taxes or government-set markups.
There is suggestive evidence that minimum alcohol pricing should have public health benefits. Meta-analyses have linked increases in overall alcohol prices to significant reductions in both alcohol consumption 6, 7 and related harms. 20 There is evidence from the United States 21 and the United Kingdom 22 that the higher-risk drinkers tend to purchase the cheapest alcohol. Evidence from Sweden suggests that consumers of cheap alcohol are more price sensitive than are those who drink more expensive varieties mainly because they cannot substitute down to still cheaper beverages when prices go up. 23, 24 The potential impacts of setting minimum alcohol prices on health and social costs have been modeled for the United Kingdom with significant and larger effects for younger and heavier alcohol consumers. 22, 25 In the first empirical test of the impact of changes in minimum alcohol prices in a Canadian province, it was estimated that a 10% increase in the minimum price of any beverage resulted in a 3.4% decrease in total alcohol consumption.
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There is also a strong rationale for encouraging the consumption of lower alcohol content products as a strategy for reducing related harms. A US study demonstrated how providing unlabeled 3% alcohol strength beer at a college party resulted in similar volumes of beer being consumed but with significantly lower blood alcohol concentrations in drinkers than when unlabeled 7% beer was provided. 27 A Canadian study found that young male beer drinkers were unable to reliably differentiate between low (3.7%) and high (5.6%) alcohol content beer and reported similar levels of enjoyment and subjective intoxication after consuming each type. 28 The new measures introduced in Saskatchewan in April 2010 substantially reduced incentives for selecting higher alcohol content beverages by introducing proportionately larger increases in minimum price for higher alcohol content products (Table 1) . Note. The effective minimum prices per standard drink introduced in April 1, 2010, were calculated in Canadian dollars for each beverage strength category after calculating a typical beverage strength within each strength category (L of beverage divided by L of ethanol) and after applying all applicable sales taxes (goods and services tax and liquor consumption tax).
We report autoregressive integrated moving average (ARIMA) time series analyses of SLGA sales and price data for different types and strengths of alcoholic beverages to examine the size and significance of changes after the increase in minimum liquor prices in April 2010. We hypothesized that the changes implemented by the SLGA would lead to:
1. an overall reduction in alcohol consumption across all beverage types, 2. greater reductions in consumption of high versus low alcohol content varieties of each beverage type, and 3. greater effect sizes for off-premise sales (liquor stores) compared with sales from venues licensed to sell alcohol consumption for on-premise consumption (bars, nightclubs, restaurants).
METHODS
Multivariate time series analyses were performed to investigate the relationships between minimum prices and consumption of alcoholic beverages. The models included adjustment for household income, cost of living, sociodemographic variables, consumption of other alcoholic beverages, trends in the data, time of year, and autoregressive or moving average effects (see Equation 1 under Statistical Analysis).
Alcohol Sales Data
Sales data were provided by the SLGA in both liters of ethanol and dollar values for beer, coolers, wine, spirits, liqueurs, and premixed cocktails. Most products categorized as cocktails are spirit-based and have higher alcohol content (up to 40% alcohol by volume), whereas coolers are rarely above 7% alcohol by volume. Liqueurs are often spiritbased but almost all have an alcohol content below 35%, whereas those products categorized as spirits are almost invariably above 35% alcohol content. The data were further broken down according to on-premise or mixed on-premise and off-premise sales (clubs, restaurants and bars-some of the latter were permitted to sell takeaway alcohol) versus purely off-premises sales (government liquor stores, rural agency and specialty wine stores) and by a total of 52 financial 4 5 6 7 8 9 10111213 1 2 3 4 5 6 7 8 9 10111213 1 2 3 4 5 6 7 8 9 10111213 1 2 3 4 5 6 7 8 type across the 13 financial periods of each year (Appendix B, available as a supplement to this article at http://www.ajph.org), so data were deseasonalized by calculating an index for each of the 13 annual periods and weighting the data accordingly. 29 The seasonal index was created by dividing each observation by the corresponding centered moving average. The relatively short time series precluded using differencing for this purpose.
Price Data
Applicable minimum prices during the study period were provided by the SLGA in dollars per liter of beverage by several categories of alcoholic strength and by container size. These minimum prices were converted to dollars per standard drink (17.05 mL pure ethanol) after calculating the mean alcoholic strength for each category of product defined in terms of alcohol strength and container size. A weighted average minimum price was calculated for each beverage strength category using data on average sales volumes as a function of container size for the entire study period. Minimum prices were further adjusted by the monthly Consumer Price Index for Saskatchewan 30 to control for the effects of inflation and economic changes (prices were multiplied by 100 and divided by the relevant customer price index [CPI] score). Taxes and environmental surcharges were included in all estimates of minimum prices (Table 1 and Appendix C, available as a supplement to this article at http://www.ajph.org). For estimates of all products combined, the relatively small sales data for coolers, liqueurs and cocktails (< 8% of all sales) were combined with their most similar counterparts in terms of alcohol strength, namely beer and spirits, respectively, because there were no minimum prices for these products before April 1, 2010. Although cognac and brandy are included in reported sales of spirits, they had no minimum price applied during the study period. They contributed less than 2% of spirits sales and were premium products that would not be affected by minimum prices. Proxy measures for "mean prices" of beverages were also estimated (value divided by L of ethanol sold) and CPI-adjusted (100 in April 2008; Appendix C). Although not a precise measure of actual prices, because price is affected by shifting consumer preferences and sales volumes, it is well established that overall prices significantly predict the demand for alcohol and, hence, this proxy measure was included in the ARIMA models to better isolate unique effects for minimum prices.
Population Data
The population aged 15 years or older in Saskatchewan on July 1 for each of the 4 years of the study period was used to calculate per capita age 15 years or older alcohol consumption. The population data were estimated by Statistics Canada and further prepared by Saskatchewan Bureau of Statistics (http://www.stats.gov.sk.ca/ stats/population/saskpopbyage.pdf).
Income Data
Average personal income per adult aged 15 years or older was included in the analyses. Total personal income and population size for each year was obtained from Statistics Canada, 31 and then average personal income was estimated for each fiscal period assuming linear trends between each annual estimate (Appendix D, available as a supplement to this article at http://www.ajph.org).
Statistical Analysis
We used multivariate ARIMA time-series models 32 to estimate the unique impacts of changes to CPI-adjusted (100 in April 2008) minimum prices for each beverage type on per capita age 15 years or older consumption of that beverage after adjusting for changes in mean price and per capita consumption of all other beverages, trend (time 1, 2, . . ., 52), and autoregressive or moving average effects. Separate estimates were also made for on-premise and off-premise sales. Per capita alcohol consumption variables were log transformed to remove skewness in their distributions. All statistical analyses were conducted using SAS statistical software. 33 The SAS PROC ARIMA procedure was used, specifying the P or Q parameter for the data type, thereby adjusting for autoregressive or moving-average effects.
The general form of a multivariate ARIMA model for outcome variable Y (e.g., log-transformed per capita beer consumption) can be written as:
where b 0 is the intercept, b 1 is the percentage change of beer ethanol consumption resulting from a percentage increase in minimum price of beer and X 1t is the log-transformed CPI-adjusted minimum price of beer; b 2 is the percentage change in the ethanol consumption from a percentage increase in mean price of beer and X 2t is the CPI-adjusted period mean price of beer; b 3 is the percentage change of beer ethanol consumption from a percentage increase in personal income and X 3t is the log-transformed CPI-adjusted dollars; b 4 is the estimated effect of nonbeer ethanol consumption and X 4t is the age 15 years or older per capita consumption of nonbeer beverages; b 5 is the estimated effect for the trend X 5t (i.e., time 1, 2 . . . , 52); N t represents autoregressive or moving average effects; and e t is the error term. A single dummy variable was used for analysis of the impact of minimum prices for coolers, liqueurs, and cocktails before and after these were first introduced in April 2010. A detailed specification for the main model is provided in Appendix E (available as a supplement to this article at http://www.ajph.org). The obtained effect sizes for beer, wine, and spirits can be interpreted as the percentage change in age 15 years or older per capita ethanol consumption resulting from a 1% increase in minimum price (dollars per standard drink), mean price (dollars per standard drink), and personal income (dollars). The analyses for sales of coolers, cocktails, and liqueurs employed a categorical variable for the introduction of minimum prices, and so the models provide a direct estimate of the percentage change in per capita sales resulting from this intervention.
RESULTS
Annual per capita age 15 years or older alcohol consumption and revenues for each of the 4 study years are summarized in Appendix F (available as a supplement to this article at http://www.ajph.org). There was a 3.5% decrease in per capita alcohol consumption and a $41 million (4.3% per capita) average annual increase in the total dollar value of alcohol sales after April 1, 2010. Trends in the deseasonalized age 15 years or older per capita consumption for each beverage type are displayed in Figure 1 for the study period.
Estimated Impact of Minimum Price Increase on Alcohol Consumption
A 10% increase in minimum price of all beverages was significantly associated with an 8.43% reduction in total alcohol consumption ( Table 2 ). There were also significant effects for the main beverage categories of beer, spirits, and wine (---10.56%, -5.87%, and -4.58%, respectively). The models for impacts on consumption of other products for which minimum prices were first introduced on April 1, 2010, estimated a significant 13.2% reduction in consumption of coolers, a 21.3% reduction in consumption of premixed cocktails, and a 5.3% reduction in consumption of liqueurs. Effects sizes were mostly larger for alcohol purchased from liquor stores as opposed to venues with predominantly on-premise sales (i.e., bars and clubs). There were no significant effects for estimates of "mean dollars per standard drink." The difference between the impact of minimum price changes on purely off-premise versus primarily on-premise consumption was significant when tested by the addition of an interaction term to the model of overall consumption (---1.528; 95% confidence interval = -1.862, -1.194; P < .001).
Sensitivity analyses were employed for the main model relating average minimum prices to total per capita age 15 years or older alcohol consumption. Strong and significantly negative elasticities were estimated when (1) mean price was excluded, (2) mean household income was excluded, and (3) a dummy variable was included as a crude control for seasonal fluctuations. Table 3 presents a set of estimates from 12 separate time-series models of the impact of minimum price changes on consumption of different beverages. The beverages are presented in pairs: a low alcohol content variety of each main beverage type and the higher one in each case. The high alcohol content varieties mostly had the most products affected by increases in minimum price. There were fewer significant effects for alcohol purchased from the purely or mixed on-premise outlets than there were for alcohol from purely off-premise outlets. There were larger and statistically significant effects on the overall consumption of higher strength varieties of beer, wine, and cocktails across all outlet types. Spirits and coolers evidenced a larger effect for the low alcohol content varieties. Impacts on higher strength beer (> 6.5% alcohol/volume) were particularly marked with a 22.00% reduction in total consumption for a 10% increase in minimum price (P < .001).
Differential Effects for High Versus Low Alcohol Content

DISCUSSION
There were statistically significant reductions in per capita age 15years or older alcohol consumption related to increases in Saskatchewan minimum alcohol prices and their adjustment by alcoholic strength. The impact of the minimum price varied in relation to sales from different types of licensed premises, different beverage types, and different strengths Note. CI = confidence interval. Mean dollar value of liquor sales per liter of ethanol and personal income estimated by autoregressive integrated moving average (ARIMA) models. For each elasticity estimate was adjusted simultaneously for effects of minimum price, mean dollars per standard drink, household income, other beverage consumption, trend (time 1, 2, . . . , 52 -continuous variable), season (deseasonalized), and autoregressive or moving-average effects. a The percentage changes in cooler, cocktail, and liqueur consumption from before to after April 1, 2010 can be calculated by 100*coefficient of estimate in each case. *P < .05 **P < .01 ***P < .001. P values determined by t-test.
of particular beverages. Results were consistent with the principle that increasing the price of ethanol reduces its consumption. For example, effect sizes were absent or weak when very few or no products in a particular beverage category were affected by new minimum prices. Because minimum prices set by the SLGA precisely determine the minimum prices from the government monopoly liquor stores, but only indirectly influence prices in bars, restaurants, and clubs, the observed larger effects for sales from purely off-premise than mostly on-premise venues were as predicted. In 2011---2012, off-premise sales accounted for at least 63% of total consumption by the liters of ethanol in Saskatchewan (Appendix F). The most substantial change in consumption was for higher alcohol content varieties of beer (especially), wine, and cocktails, which also had the most increases in minimum price. This finding is important for public health goals because these higher strength products have been associated with high-risk patterns of alcohol consumption. 12 The absence of an effect for higher strength spirits and coolers is very likely a result of substitution effects involving drinkers switching from higher strength beer to these other higher strength products, which were substantially cheaper per standard drink after April 2010 (Appendix C). Such between-beverage substitution and differences in effect sizes between on-premise and off-premise sales are consistent with theory developed by Gruenewald et al. 23, 24 Finally, the reduction in consumption was associated with an increase in the dollar value of alcohol sales which will have contributed to an overall increase in government revenue. The overall effect size or "elasticity" for minimum prices estimated here in terms of total alcohol consumption (---0.84) is larger than an earlier estimate for the Canadian province of British Columbia of -0.34.
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This may result from minimum prices in Saskatchewan being increased across virtually all beverage types, whereas in British Columbia only the minimum price of spirits was increased with any regularity. 21 Given that the main minimum price increase only affected 8.5% of all available alcoholic beverages in Saskatchewan, this is a significant finding. Its public health significance is underscored by evidence from other studies that cheaper alcohol is preferred by younger and heavier drinkers, both of whom are more likely to experience alcohol-related harms. 21, 22 Furthermore, there is strong evidence that significant reductions in rates of alcohol-related illnesses, injuries, and social problems almost always flow from reductions in per capita alcohol consumption, 34, 35 as well as more generally from increased prices in US, 36, 37 Canadian, and other contexts. 35 The level of minimum prices introduced in Saskatchewan in 2010 is on average higher than in other Canadian provinces, 26 and, furthermore, the practice of adjusting prices based on alcohol content comes close to creating the public health ideal of a fixed minimum price for a standard drink (i.e., a standard dose of ethanol). 5, 12 Despite this, most low alcohol content varieties still had slightly higher minimum prices per standard drink than their Note. CI = confidence interval. Estimates (%) from the independent time-series analyses were each adjusted for the effects of one another as well as low or high content alcohol consumption, trend (time 1, 2, . . ., 52), seasonality (deseasonalized), and autoregressive or moving-average effects. a The percentage changes in cooler, cocktail, and liqueur consumption from before to after April 1, 2010 can be calculated by 100*coefficient of estimate in each case. *P < .05 **P < .01 ***P < .001. P values determined by t-test.
high alcohol content counterparts even after April 1, 2010 . This is because they are still calculated at a fixed rate per liter of beverage (as opposed to ethanol) within wide bands of alcoholic strength (e.g., > 8.5% alcohol/ volume). Further improvements to the pricing structure would involve setting minima according to more precise calculations of ethanol concentration (e.g., at 1% increments) for the full range of beverage strengths. Limitations of our study include the lack of a control jurisdiction, a relatively short time series, and only a crude measure of mean price. We note, however, that mean price added little influence on the model estimates we have reported here. Although we were unable to access detailed data from a control jurisdiction, the neighboring province of Alberta-which has no minimum liquor store prices-had no change in annual per capita alcohol consumption from before to after the major change in Saskatchewan in April 2010. 38 Finally, there were adjustments to mark-ups of some alcoholic drinks (e.g., a $0.16/L increase for beer introduced in April 2010) that accompanied the changes in minimum prices, which could have influenced results. However, we adjusted for this confounding at least in part by the inclusion of our estimate of mean overall beverage prices in the models and a relatively small effect on prices. We also note that our design incorporates internal controls by virtue of being able to compare outcomes for beverages which were not affected by minimum price increases with those that were, and also by contrasting off-premise with mostly on-premise sales data. No estimate could be made for the influence of cross-border sales, although it is not likely to be large because the majority of Saskatchewans live in urban areas at least 100 kilometers from the US or provincial borders. Our measure of average household income may not have been sufficiently precise to pick up significant associations at this aggregate level of analysis.
In conclusion, the substantial increase in minimum prices and their adjustment to reflect the alcoholic content implemented in Saskatchewan in April 2010 significantly reduced alcohol consumption while at the same time increasing government revenue. The impact was greater for beverages most affected by minimum price increases and for alcohol purchased from liquor stores and was accompanied by a shift in consumer preferences toward lower alcohol content beer, wine, and cocktails. Evidence from international experiences with the reduction of per capita alcohol consumption suggests that substantial public health, safety, and order benefits will likely flow from these policies in terms of reductions in alcohol-related harms and associated economic costs. 34 Further research is under way to confirm and quantify whether these likely public health benefits apply in this specific Canadian case study. We also recommend further research into potential adverse impacts on low income problem drinkers from the application of such policies. 39 Finally, we recommend careful consideration of minimum pricing as part of any comprehensive strategy to reduce alcohol-related harm.
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